Background: As the number of studies on the future situation of sickness absentees still is very limited, we aimed to investigate the association between number of sick-leave days and future all-cause and cause-specific mortality among women and men. Methods: A cohort of 2 275 987 women and 2 393 248 men, aged 20-64 years in 1995 was followed 1996-2006 with regard to mortality. Data were obtained from linked authority-administered registers. The relative risks (RR) and 95% confidence intervals (CI) of mortality with and without a 2-year wash-out period were estimated by multivariate Poisson regression analyses. All analyses were stratified by sex, adjusting for socio demographics and inpatient care. Results: A gradually higher all-cause mortality risk occurred with increasing number of sick-leave days in 1995, among both women (RR 1.11; CI 1.07-1.15 for those with 1-15 sick-leave days to RR 2.45; CI 2.36-2.53 among those with 166-365 days) and men (RR 1.20; CI 1.17-1.24 to RR 1.91; CI 1.85-1.97). Multivariate risk estimates were comparable for the different causes of death (circulatory disease, cancer, and suicide). The two-year washout period had only a minor effect on the risk estimates. Conclusion: Even a low number of sick-leave days was associated with a higher risk for premature death in the following 11 years, also when adjusting for morbidity. This was the case for both women and men and also for cause-specific mortality. More knowledge is warranted on the mechanisms leading to higher mortality risks among sickness absentees, as sickness certification is a common measure in health care, and most sick leave is due to diagnoses you do not die from.
Background
Today, the number of studies on risk factors for sickness absence has increased much, however, the number of studies on the future situation of sickness absentees is still very limited [1] . Most of the few studies so far conducted have focused on to what extent sickness absence can predict all-cause and cause-specific mortality in occupational [2, 3] or population-based cohorts [2] [3] [4] [5] [6] [7] [8] , with different follow-up periods. The risk of premature death varies somewhat with used measures of sickness absence, nevertheless, an excess rate of premature death was found in all studies [2] [3] [4] [5] [6] [7] [8] [9] [10] . There is a need to test those results in a larger, population-based cohort with a long follow-up period.
In welfare countries, to sickness certify patients is a common measure in healthcare, why more knowledge is warranted on associations between sickness absence and premature death. For instance, it is important to disentangle to what extent excess risks merely are due to a greater occurrence of morbidity among people who are sickness absent. There are several ways to measure morbidity, in research often self-reports are used [5, 6, 11] . Data on inpatient care, that is, being hospitalized, could be considered as data on more severe morbidity as well as on morbidity that has also been verified by physicians and therefore more valid. Also, the association between sickness absence and subsequent deaths might be due to the very disease that leads to the sickness absence. To account for that when trying to disentangle the associations between sickness absence and morbidity, sometimes a so called wash-out period is introduced, to exclude all deaths occurring in a near time frame, e.g., using a twoyear wash out period [5] .
Moreover, a great number of studies have shown gender differences in morbidity, in sickness absence, as well as in mortality [12] [13] [14] [15] . There are several reasons to believe that the mechanisms leading to morbidity, to sickness absence, and to mortality might differ to some extent between the genders and that such aspects might not be visible when combining data for women and men, why gender-specific analyses are recommended [16] [17] [18] [19] [20] .
The aim of this study was to investigate the associations between number of sick-leave days and future allcause and cause-specific mortality among women and men, adjusting for morbidity and socioeconomic status, and also taking into account a two-year wash-out period for the relative risk of mortality.
Methods

Study population
A population-based prospective cohort study was conducted with an eleven-year follow up.
The cohort included all individuals aged 20-64 years, registered in Sweden on 31 December 1994 and 1995, and not on disability or old-age pension in 1995 (N = 4 669 235, 49% women). The cohort was identified from Statistics Sweden's integrated population-based database for labor-market research (LISA). From this database also information regarding sick leave, disability pension, and other sociodemographic factors in 1995 was obtained. Further, date and cause of death was obtained from the Cause of Death Register, held by the National Board of Health and Welfare. The National Patient Register, also held by the National Board of Health and Welfare, was used to obtain information on inpatient care.
Variables
All sick-leave days in 1995 reimbursed by the National Social Insurance Agency were included and categorized into five groups; 0 days (reference category), 1-15 days, 16-75 days, 76-165 days, and 166-365 days. From the age of 16 years, all Swedish residents with income from work, unemployment benefits, or student benefits are covered by the national sickness absence insurance regime and can be sickness absent with benefits if unable to work due to disease or injury. Benefits amount up to 80% of lost income. The first day of a sick-leave spell is a qualifying day, without any benefits. The first seven days can be self-certified; thereafter a physician certificate is needed. For those employed, the employer usually paid for the first 14 days of the sick-leave spell; those days are not registered in LISA and thus not included in this study. Unemployed people, if their morbidity lead to that they could not seek work, had sickness benefits paid by the Social Insurance Agency from the second day of the sick-leave spell. This means that for them also the shorter sick-leave spells were included. For most of the absentees, the category 1-15 days means that they had been sickness absent for 15-30 days.
Information about inpatient care was obtained for the years 1990-95, excluding hospitalization due to childbirth. The median number of days of inpatient care for those who were hospitalized was 5 days for the six-year period. Inpatient care days were categorized as; 0 days, 1-5 days, and more than 5 days.
In the analyses, age was used as a continuous variable and educational level was categorized into four groups: elementary school (9 years or less of schooling), secondary (10-12 years), university level (more than 12 years), or information missing. Type of place of residence was divided into a) large cities (Stockholm, Göteborg, and Malmö), b) middle-sized cities: places with more than 90 000 residents within 30 km from the municipal center, and c) rural municipalities (all other areas). Region of birth was categorized into Sweden, other Nordic country, other EU25, and other countries.
As outcome measure, we studied all-cause mortality for the years 1996-2006 as well as cause-specific mortality from circulatory diseases, cancer, and suicide, respectively.
Statistical analyses
Multivariate analyses were conducted by Poisson regression with mortality as the dependent variable. The relative risk (RR) of mortality was estimated with 95% confidence interval (CI). Follow-up time was assessed by adding up the months the individuals were alive and residents of Sweden during the 11-years follow-up period 1996-2006. The associations between sick leave in 1995 and mortality were analyzed in five regression models. The reference group comprised individuals without sick-leave days in 1995. In model I, adjustments were made for age. In a second model (model II) we made additional adjustments for socio-demographic factors; i.e. educational level, type of place of residence, and region of birth. In model III, we adjusted for inpatient care in 1990-1995. Model IV included all covariates. In a fifth model, as an attempt to rule out that observed associations are not mainly due to an excess rate of sick leave shortly before death, a washout period of two years was used, that is, follow-up started in the third year after baseline (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . This included those who still lived 1 January 1998, conducting the same adjustment as in Model IV. Statistical analyses were carried out using the SAS software package, version 9.3. In accordance with the aim, all analyses were stratified by sex.
The project was approved of by the Regional Ethical Review Board of Stockholm (dnr 2007/762-31).
Results
In this cohort of 4.7 million people of working ages, the mean age was about 40 years both among women and men. A slightly higher proportion of the men than the women had lower educational level (Table 1) . About 70% of the women and 78% of the men had no inpatient care at all during 1990-1995. A higher rate of the women had had longer hospitalization. Also, a higher rate of the women had been sickness absent in 1995 and the mean number of sick-leave days during 1995 was 10.6 days in women and 8.0 days in men (not shown in table).
The relative risks (RR) of all-cause mortality displayed a gradual increase with increasing number of sick-leave days in 1995 among both women and men (Table 2 ). In the age-adjusted models, women and men with most sick-leave days (166-365 days), had more than tripled mortality risks; women RR 3.48; 95% CI 3.37-3.60 and men RR 3.29; CI 3.20-3.39 in comparison with women and men, respectively, without any sick-leave days reimbursed by the Social Insurance Agency in 1995. Adjustments for socio-demographics did not substantially change the estimates. When inpatient care was taken into account (model III), the excess risks generally decreased, but the clear gradients remained. In the fully adjusted models (model IV), the risks decreased further. Using a "wash-out"-period of two years in model V, e.g., starting the follow-up 1998, decreased the excess risk to some extent regarding death risks associated with number of sick-leave days. However, evident associations remained with a pronounced gradient.
The RRs of mortality due to circulatory diseases are presented in Table 3 . Although risk estimates were lower compared to RRs of all-cause mortality, a gradual increase with increasing number of sick-leave days among both women and men emerged. In a similar way, the risk estimates decreased after adjusting for several potential confounders. Even in the fully adjusted model (model IV), both women and men with more than 75 sick-leave days had a nearly 50% higher risk of premature death due to a circulatory disease during the followup period than women without such sick-leave days. Introducing a wash-out period did not change the adjusted RRs of premature death from circulatory diseases.
The associations of number of sick-leave days with subsequent cancer-related death were similar (Table 4) . Both women and men with at least one sick-leave day had a higher risk of premature death from cancer compared to those with no sick-leave days in 1995. In contrary to the analyses on death from circulatory diseases, the wash-out period decreased the adjusted RRs of death.
The analyses presented in Table 5 show that sick leave was associated with a higher risk of suicide in both women and men. The RR for suicide increased in a graded fashion with more sick-leave days in both women and men, even after adjustment for several potential confounding factors. Adjusting for inpatient care decreased the estimates significantly for both sexes. Taking a wash-out period of two years into consideration decreased the estimates somewhat for both women and men.
Discussion
The results from this longitudinal study of 4.7 million women and men from the general population of working ages clearly demonstrated a gradual increase of all-cause and cause-specific premature death with increasing number of sick-leave days. Part of the mortality differences in the multivariate analyses was accounted for by differences in age, socio demographics, and particularly by morbidity, indicated by inpatient care. Results were similar for women and men. The two-year washout period had only a minor effect on the risk estimates.
Individuals having been sickness absent, also only for a few weeks, were found to have a higher risk for premature death, despite the fact that even individuals in the Days reimbursed by the Social Insurance Agency, usually from the 15 th day of a sick-leave spell. Model I: adjustment for age. Model II: adjustment for age and education, type of place of residence, and region of birth. Model III: adjustment for age, and number of days in hospital (categorized). Model IV: adjustment for age, number of days in hospital (categorized), education, type of place of residence, and region of birth. Model V: model IV with two years wash-out period.
reference group might have been sickness absent later on, e.g., the year following the year of observation and despite the very long follow-up time of 11 years. More knowledge is warranted on these associations, regarding e.g. in different populations, time periods, and for different diagnoses. It might be argued that an association between sickness absence and premature death is expected as those on sick leave are that due to the underlying morbidity. However, the ill-health content of sick leave has often been questioned in the general debate [21, 22] . Also, most sickness absences are due to musculoskeletal disorders -disorders that hardly ever are a cause of death, or due to minor mental disorders, which also very seldom are a cause of death with exception of suicide [13, 21, 23] . Many of the very short sick-leave spells are due to upper respiratory infections [13] . However, few of those are included in our data base due to the fact that the first 14 days of a sick-leave spell are paid by the employer. The main causes of death in Sweden as well as in other Western countries are circulatory disease and cancer -however, those diagnoses only stand for a few percentages of the sick-leave diagnoses [24] .
Other hypotheses of the identified associations are that sick leave might be a marker of other factors, or that sick leave per se is a risk factor for morbidity or mortality. Different possible negative consequences of being sickness absent have been described in the literature, e.g. negative changes of life style (alcohol, exercise, diet, tobacco), of social interactions, of economy or work carrier, of the prognosis of the disease underlying the absence or of other diseases (e.g. depression) [1, 25] .
The higher risk of premature death with increasing number of sick-leave days is in line with previous studies [4, 5, 7, 9] . As all these studies have somewhat different ways of defining sickness absence, the results from these studies cannot easily be compared. Still, findings from our study based on a very large population-based database, point in the same direction as previous studies and warrants follow ups using more specified research questions.
In our study, socio-demographic factors did not seem to explain much of the higher mortality risks. There is massive evidence on the associations between socioeconomic status and mortality [12, 26, 27] . We used educational level as a proxy of socioeconomic status rather than income, in the attempt not to introduce an unnecessary gender bias (as women get less paid and a larger rate of women works part time). In general, people of lower socioeconomic status have higher risk for sickness absence [13, 28] , however, possible effects of sickness absence regarding premature death do not seem to differ between socioeconomic groups. The same can be said about gender; women have higher risks for becoming sickness absent; however, we in general found no gender differences regarding premature death among sickness absentees. It seems as the possible negative 'effects' of sickness absence do not vary between genders or socioeconomic groups.
Our results clearly indicate a higher RR for premature death due to circulatory diseases among women and men on sick leave, especially for those who had more than 15 sick-leave days in 1995, that is, mainly more than one months' sick leave. This is in line with two previous studies based on occupational groups, finding that long-term sick leave is a risk factor for cardiovascular mortality [3, 7] . Our results also correspond with another finding from these two studies [3, 7] , namely that sick leave was associated with cancer-related mortality.
We found an elevated suicide risk in women and men who had been on sick leave. The suicide risk increased in a graded manner as the number of sick-leave days increased, for both women and men. A few other studies have also found sick leave to be a risk factor for suicide [7, 29, 30] . In one of them, a case-control study with a lower number of women, sickness absence was a risk factor only for men [30] . It is well known that, in most Western countries, men have higher suicide rates than women [31, 32] . However, here we studied the relative risks for suicide among sickness absent women and men, respectively, and found that those did not differ much between the genders.
Strengths
The strengths of this study are the population-based, prospective cohort design, with a very long follow-up time, the very large number of included individuals, the high quality of the nationwide register data, e.g. regarding completeness and validity [33, 34] and that there was no loss to follow up. The size of the cohort (4.7 millions) also provided sufficient power for gender-stratified analyses regarding rare outcomes such as suicide. As both the exposure and outcome were based on register data, there was no recall bias. Other strengths are that most of the sick-leave days as well as all hospitalizations were certified by a physician and that all individuals not at risk for sickness absence in 1995 were excluded, that is, those on disability pension.
Limitations
The available information about health conditions was limited to morbidity leading to hospital care, which means that we were not able to account for all types of morbidity in the analyses. Hence, part of the higher risks may have been attributed to other types of impaired health among sick-listed people. On the other hand, it can be seen as an advantage that only the more severe morbidity was adjusted for, especially as morbidity seldom is accounted for in studies of associations between sick leave and premature deaths. That shorter sick-leave spells (<14 days) for employees could not be included can also be regarded both as a limitation and a strength. However, other studies have shown associations also with short-term sickness absence [7, 10] , which means that we rather have an under-than an over-estimation of results. Another limitation is that we could not exclude the sick-leave days from sick-leave spells shorter than 15 days -that is, days generally generated by unemployed people who had their sick-leave spells reimbursed by the Social Insurance Agency already from day 2. This means that there is an overrepresentation of unemployed among those in the category of 1-15 sick-leave days. However, most sickness absentees are working, and some of the unemployed do not have unemployment benefits-due to not having had a paid work lasting for 12 months or due to having been unemployed for too long time. This means that both in the reference group and in the group of fewer sick-leave days, there was a slight overrepresentation of unemployed. Future studies are needed to gain more knowledge on this. Despite the considerably large dataset including a number of important confounders, information on some potential confounders such as self-reports on health behavior including smoking and alcohol consumption could have been of importance. Moreover, the study was carried out using the year 1995 as baseline. Future studies are warranted to include cohorts based on other time periods and using other measures of sickness absence [35, 36] . Moreover, the use of a two-year washout period can be questioned -both as being too long and as being too short -the effect of using different wash-out periods needs to be investigated in more detailed studies.
Conclusions
There was a clear association between sickness absence and all-cause and cause-specific mortality, even for a relatively short number of sick-leave days, also when adjusting for morbidity. Moreover, the higher risks were about the same for women and men, although there are higher risks for women to become sickness absent. As sickness certification of patients is common in health care, more knowledge on possible mechanisms behind the results is warranted.
